To establish improved predictive values for normal bone mineral content (BMC) and density (BMD) in adolescent girls a community based study ofschoolgirl volunteers was carried out by dual energy x ray absorptimetry. Measurements were performed on 216 subjects aged 11-0 to 17-9 years; measurements were repeated one year later on 84 of the girls, providing a total of300 studies. For total body BMC the standard error of the prediction was improved from 290-9 g to 134-1 g when weight, height, and shoulder width were added to the normal variable ofage. For spine BMD the standard error of the prediction was improved from 0.105 g/cm2 to 0*066 g/cm2 when height, weight, and shoulder width were added to the normal variable of age. Significant improvements were also obtained for total BMD and spine BMC. Despite the normal practice of predicting bone density from age alone this was not selected as the first variable in a multiple stepwise regression for either total body or spine. The prediction of BMC and BMD can be significantly improved by the inclusion of simple body habitus parameters in the prediction equations. As the mean (SE) z score derived from the manufacturer's normal data was -0-36 (0.02) these American data are probably not appropriate for use in adolescents in the UK.
The attainment of a high peak bone mass towards the end of the third decade of life is considered an important protective factor in the development of osteoporosis in women later in life.' 2 Maximum bone accretion occurs during adolescence,3 4 when compared with adults very high concentrations of biochemical markers of bone formation and resorption are found. 5 In addition to the probable influences of diet, exercise, and genetic factors,' oestradiol plays an important part in bone accretion during adolescence. 6 For example the malnutrition induced ovulatory disturbances found in anorexia nervosa are assumed to be responsible for the osteopenia commonly associated with this condition.7 8 The age corrected range of normal values of bone density in adolescence none the less demonstrates considerable individual variation,9 10 so unless gross osteopenia is present it is difficult to know from a single bone density study whether the values found may be normal for that subject or whether bone loss has probably occurred. The low radiation dose associated with dual energy x ray absorptiometry (DXA) permits repeated measurement but in children with diseases impairing bone metabolism repeated measurement is of no value in the short term. We describe a study on adolescent girls designed to assist clinical interpretation of bone density estimates by improving its prediction by the inclusion of simple body habitus parameters.
Subjects and methods A normal volunteer study was carried out of total and spine bone mineral on young adolescent high school girls, who were taking part in a community based prospective study of the psychobiological correlates of disturbed eating patterns in adolescence. The study was approved by the schools and the appropriate medical ethics committee, and informed consent was obtained from the parents of the participating girls as well as from the girls themselves. Girls were recruited from two schools in Edinburgh, one predominantly middle class and the other predominantly working class. Of those invited to take part approximately a third did so. A total of 216 girls took part, aged between 11-0 and 17-9 years (mean (SD) 13-4 (1-2) years). An additional study was performed on 84 of the original girls one year later, giving a total of 300 measurements. The cohort included five non-white girls, but none were of black African descent where higher bone mineral levels have been observed.10 The characteristics of the girls at the time of the 300 measurements are summarised in table 1; although eating attitude disturbances were common, none were suffering from a formal eating disorder.
Bone mineral content (BMC) and bone mineral density (BMD), defined as the BMC per unit area, were measured by DXA using a Hologic QDR-100OW machine (Hologic Inc).
Each subject was scanned twice to provide separate lumbar spine and total body measurements. Total imaging time was typically 20 Table 1 Characteristics of the girls studied minutes and the effective dose was only 6 ,tSv which is equivalent to the average daily natural background radiation in the UK. For the spine the bone mineral was analysed for vertebrae L1-L4; for the total body individual regions may be analysed but for the present study all regions were summed to give the total body measurement. Weight was measured on digital scales with a precision of 0 1 kg; patients wore a light gown the weight of which was subtracted from the reading. Height was measured using a wall stadiometer (precision 5 mm) with the patient standing upright and without shoes. The anteroposterior thickness was measured using calipers and was taken as the maximum thickness along the full length of the sternum. Shoulder width was also measured using calipers. Tanner pubertal staging was also obtained.
The data were analysed using the Unistat Statistical Package (Unistat Ltd, PO Box 383, Highgate, London N6 5UP). The normal values supplied by DXA manufacturers are presented as a function of age only and are derived from white North Americans. We therefore first derived prediction equations for the BMC and BMD of the spine and total body using only age as the independent variable. The additional body habitus parameters were then added as independent variables and multiple stepwise regression was used to derive alternative prediction equations. Variables were only included in the prediction equation if they resulted in a significant reduction in the standard error (SE) of the prediction.
Results
In this group of adolescent girls lumbar spine BMC ranged from 16-5 to 77-6 g and total BMC from 754'7 to 3024X4 g. Lumbar spine BMD ranged from 0-518 g/cm2 to 1-232 g/cm2 and total BMD from 0-699 g/cm2 to 1-256 g/cm2. The manufacturer supplies normal data and expresses the subject's spine BMD in terms of a z score, which is the number of standard deviations from the mean of the age matched normals. For a sufficiently large number of normal subjects one would therefore expect the mean z score to be close to zero, whereas for this cohort the mean (SE) z score was -0-36 (0 02). The deviation was even more significant in the younger subjects; for girls aged 11-0-11 9 years (n=22), 12-0-12-9 years (n=118), and 13-0-13-9 years (n=88) the mean (SE) z scores were -0 79 (0-21), -0 55 (0.10), and -0 30 (0.12) respectively. This indicates that the data for subjects in the USA supplied by the manufacturer are not appropriate in this group, particularly in the younger age range.
The prediction equations based on age are summarised in table 2; in each case the use of a second degree polynomial provided the optimum fit. The prediction equations obtained when various body habitus parameters were included, in addition to age, are also listed in table 2 . The variables are listed in the order in which they contribute to the prediction equation. The inclusion of anteroposterior thickness and Tanner stage did not improve the predictions. In each case a significant reduction in the error of prediction was obtained by including body habitus parameters in the prediction equation. Indeed it is seen that age is not selected as the most important variable in any of the prediction equations where the additional body habitus variables are included. Table 2 shows that the best prediction always includes the subject's weight. Since the inclusion of shoulder width provided only a relatively small improvement in the SE of the prediction The significance of the improved predictions may be more readily appreciated by comparing plots of the predicted data. Figure 1A shows total BMC as a function of age where the line corresponds to the prediction equation listed in table 2. Figure 1B compares the measured BMC with the values derived from this prediction equation; the solid line is the least squares fit and the broken lines represent the 95% confidence intervals. Figure 1 C shows the measured BMC compared with the prediction based on weight, height, age and shoulder width, where the solid and broken lines again represent the least squares fit and 95% confidence intervals respectively. For the spine bone mineral is usually presented as BMD, where the projected area is effectively used to try to normalise for differences in body stature. Figure 2A shows spine BMD as a function of age where the line represents the prediction equation listed in table 2. Figure 2B Since the various prediction equations were derived by multiple stepwise regression the mean z scores for the entire age range were, as would be expected, not significantly different from zero. To check if this applied equally throughout the age range the mean z scores were calculated separately for one year age intervals and were similarly found to be not significantly different from zero.
Discussion
This study set out to examine to what extent the wide variation previously observed in BMC and BMD in adolescents3 9 could be attributed to individual differences in body habitus parameters as well as to age, since this would assist the clinical interpretation of deviations from normal. We have shown that a considerable proportion of the variation in spine and total body BMC and BMD is in fact attributable to differences in body stature. For the spine it is normally the BMD that is considered more meaningful since this includes some normalisation for body stature. The variation in spine BMD is in fact significantly less than the corresponding variation in BMC. However, age was not the major determinant of spine BMD and a significant reduction in the SE of the prediction was obtained by including height, weight and shoulder width in the prediction equation. Although there is a significant relationship between BMD and Tanner stage this was not selected as a variable in the multiple stepwise regression, presumably because it is not a continuous variable and because it is not independent, being itself related to the body habitus parameters.
In our cohort of adolescent females the mean z scores using the manufacturer's normal data were significantly lower than zero. Caution should therefore be shown when using the normal data for this age group supplied by the manufacturer, particularly in the younger subjects.
